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Introduction 

The SCS Plant Materials Program in Montana has been evaluating plant 
materials for mined land reclamation since 1970. This phase of the Plant 
Materials Program has been accelerated through funding from the U.S. Forest 
Service's Surface Environment and Mining Program (SEAM), the Environmental 
Protection Agency (EPA), the Office of Surface Mining (OSM) and the Montana 
Department of State Lands (DSL). 

This report was prepared for the Montana Department of State Lands to 
provide information on suitable plant species and varieties of species to be 
used for mined land reclamation and particularly those reclamation projects 
dealing with abandoned coal mined lands. 

The field evaluation and field planting data contained in this document 
include information on numerous plant species and cultivars from several 
planting locations. Only cultivars which are available from commercial seed 
growers and nurserymen are included in the data and recommendations. 

The recommendations are based on three parameters: soils, precipitation 
and geographic area. These are presented in two tables to facilitate their 
use. The data and recommendations in this report will have to be interpreted 
by the user based on specific site conditions and intended land use after 
reclamation, as well as his past experience. The notes on individual species 
provides insight about some of the species and cultivars to the mine 
reclamation specialist and may assist him in making the final selection of 
species for a specific site. 

While much of the data assembled for this report came from plantings made 
in conjunction with coal mining activities, they may be used for developing 
revegetation plans for areas disturbed by other mining or construction 


eile 


activities. No recommendations are made, however, regarding plant performance 
and toxic substances often found in conjunction with hard rock mining 
reclamation. 

This report was not designed as a comprehensive guide for planning 
revegetation, but rather as a guide for selecting alternative plant species 
and cultivars which are best adapted to a site based on soils, precipitation 
and broad geographic ranges. Other criteria such as post-reclamation land 
use, including grazing by livestock or the desire to attract and support one 
or more species of wildlife, aesthetic considerations and other concerns, may 
enter into the final selection of plants to be used. 

Data on the performance of plants currently under development, but which 
are not yet available on the commercial market, have not been included in the 
report or the appendices. Data on these plants are available in annual 
technical reports prepared by the Bridger Plant Materials Center or as reports 


generated from the plant materials automated data base. 


Field Evaluation Plantings 


Data is included in this report on plant performance at four planting 
locations designated as field evaluation plantings. Field evaluation 
plantings are generally designed to gather qualitative and quantitative data 
using replicated plots. Quantitative data is gathered by actual measurements 
or by harvesting plant growth. Qualitative data is usually gathered by 
occular estimates. See Appendix V for a synopsis of the SCS Plant Materials 
Program. 

Two of these field evaluation plantings are located in the Powder River 
basin in Major Land Resource Area 58 (see Map No. 1, page 6). They were 
2stablished as "bench mark" plantings to evaluate the potential of a number of 
commercially available cultivars and accession of plants being tested at the 
time these plantings were made. The plantings were evaluated for ease of 
establishment, productivity and longevity in this geographic area. 

The Bighorn Ranch field evaluation planting was established south of 
Buffalo, Wyoming on lands which had not been disturbed by mining or other 
activities. A variety of grasses, forbs and shrubs were included in this 
planting. The soils and climate are considered to be representative of a 
large portion of the Powder River Basin in Montana and Wyoming. This planting 
was made in 1976 and 1977. Data gathered from this planting is contained in 
Appendix I. 

The Cordero Mine field evaluation planting was planted in 1978 on land 
Located on the Cordero Coal Mine southeast of Gillette, Wyoming. Centrally 


located in the Powder River Basin, this planting was made on an area which had 


been drastically disturbed by mining activities. Overburden placement, soil 


reconstruction and grading took place prior to planting. Data gathered at 


this site will be used as "bench mark" data for potential productivity and 
longevity of the species and varieties planted. Data collected from the 
Cordero Mine FEP is contained in Appendix II. 

Data from the Arid Rangeland and Mined Land field evaluation plantings 
were included in this report because the harsh conditions most nearly 
represent conditions encountered when working on the reclamation of abandoned 
mined lands. There are two planting sites in this project. One planting is 
located at Bridger Coal Company near Rock Springs, Wyoming. This planting is 
on land that was mined and regraded. Very little soil material--mostly of 
poor quality--is available for soil reconstruction. The second svaniany site 
is near Greybull, Wyoming, on an area mined for bentonite. This site has also 
been regraded and has very little soil material available to support 
revegetation. Overburden materials, which make up a portion of the material 
available for reconstruction of soils, are often high in soluable salts and 
have poor soil properties. 

These sites are in low rainfall areas (5-9 inches) which add to the 
difficulty of establishing and maintaining vegetation for reclamation 
purposes. Plants which can establish, survive and perform well under the 
severe stress imposed by these sites offer the best chance for revegetation 
of abandoned mined lands where soil material may be limited or lacking. This 
is especially true if the plants also have performed well in plantings in the 
Powder River Basin and other areas of Montana and Wyoming. Data from the Arid 


Rangeland and Mined Land can be found in Appendix III. 


Field Plantings on Mined Lands 


Since 1964 approximately 76 herbaceous and 7 woody field plantings have 
been installed on drastically disturbed sites ranging from the Red Desert of 
southern Wyoming to high elevation and rainfall areas of northwestern Montana. 
The planting sites are located on coal, uranium, bentonite, copper, gravel and 
other mines from the 5-9 to more than 20 inch precipitation zones. 

Field plantings are the final evaluation of plant materials and cultural 
and management methods. Field plantings compare the potential of the plants 
or methods under actual use conditions with those of standard cultivars and 
methods under a variety of soil, climates and land uses. These plantings are 
installed across Montana and Wyoming to evaluate a plant’s range of 
adaptation. These plantings are usually five acres or less in size and are 
evaluated periodically for 10-15 years. 

Data from mined land reclamation field planting in Montana and Wyoming 


are summarized in Appendix IV. 
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Recommended Species and Cultivars for Mined Land Reclamation 

Table 1 and Table 2 list plant species and cultivar recommendations for 
revegetating mined lands. These recommendations are based on the results of 
field planting data and SCS experiences from a wide variety of conservation 
and reclamation plantings in Montana and Wyoming. The species and cultivars 
listed in the tables are not complete lists of available cultivars but show 
those most commonly used and recommended. 

The recommendations presented are for the entire state. Selection of 
species from these tables should be based on local climate, soils, geographic 
location and the intended post-mining land use. 

The tables summarize the adaptation of species and cultivars according to 
precipitation zones, soil textures, and geographic area. Table 1 is a summary 
for the native grasses, forbs, and shrubs. Table 2 is a summary for 
introduced grasses and forbs. 

The tables are organized according to three major parameters: 

--soil texture: coarse--sands to fine sandy loam 

medium--very fine sandy loam to silt 
fine--clay loam to clays 

--precipitation: Annual precipitation in inches. These are ranges 

of precipitation known to support productive, long 
lived stands of individual species. 

--geographic area: Some plant species are best adapted east or west 

of the Continental Divide due to differences in 
extreme winter temperatures, effectiveness and timing 
of precipitation (this may be associated with changes 
in elevation), snow cover, maximum summer 


temperatures, chinook frequency, length of growing 
season and other climatic variables. 
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Notes on Selected Species and Cultivars 


Numerous alternative species and cultivars are presented in Tables 1 and 
2. This section provides a brief insight into some unique characteristics of 
individual species as they relate to mine reclamation. 

Native Species 

Slender wheatgrass is short-lived but provides a quick cover for site 
stability while the slower germinating, longer-lived perennial species become 
established. Normally, slender wheatgrass is seeded at 1-2 pounds of pure 
live seed per acre in addition to the full seeding rate of species or 
cultivars individually or within mixtures. 

'Critana’ thickspike wheatgrass originated from a native stand near 
Havre, Montana. Critana has excellent seedling vigor, is rhizomatous and 
provides for long term erosion control. 

‘Sodar’ streambank wheatgrass is slower to establish than 'Critana’, but 
is more drought tolerant on medium to fine textured soils. Sodar will also 
provide for long term erosion control. 

‘Canbar’ canby bluegrass is much like Sandberg bluegrass. It is a small 
plant which normally grows for a brief period in early spring. It has little 
erosion control value unless it is used as a component of a bunchgrass plant 
community where it fills in the interspaces between other species. 'Canbar’ 
is very compatible with bluebunch wheatgrass. 

‘Covar’ sheep fescue is a drought tolerant tufted bunchgrass used for 
erosion Control and Stabilization. Its extensive Librous Loot system near 
the soil surface binds soil particles together. ‘Durar’ hard fescue has a 
similar growth form. These varieties are well adapted on coarse textured 
soils derived from decomposed granite. 
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‘Shoshone’ beardless wildrye is the most salt tolerant species presently 
available on the commercial market. It has been established from seed on 
soils with salinity levels as high as 25 mmhos of electrical conductivity and 
has been observed to spread by means of rhizomes into areas where soil 
salinity readings reach 50 mmhos. It has dormant seed and requires late 
fall planting with adequate moisture to allow proper stratification for 
germination. It performs best where soils are moist throughout the growing 
season. 

‘Magnar’ basin wildrye originates from Saskatoon, Saskachewan Canada. 
Historically, basin wildrye has been reported to occur extensively throughout 
Montana. It is now found on areas with high water tables, over-flow sites 
along stream channels or on upland gravelly soils. ‘Magnar’ should be planted 
in a mixture with a rhizomatous species for the best control of water erosion. 

‘Goshen’ prairie sandreed, Indian ricegrass, 'Critana' thickspike 
wheatgrass and slender wheatgrass are good species and varieties to use ina 
mixture for stabilizing sandy soils. The Indian ricegrass must be planted in 
the late fall to allow wet cold stratification of hard seed for optimum 
germination. 

‘Rosana’ western wheatgrass and ‘Lordorm’ green needlegrass are 
compatible species that can be used for planting on medium to fine textured 
soils. Green needlegrass has hard seed while western wheatgrass has some 
dormant seed. The best stands are established from late fall plantings. 

Warm season species occur sparsely in eastern Montana. The major reason 
is that the probability for precipitation during their summer growing season 
is low throughout most of Montana. Therefore, the bluestems and prairie 
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sandreed generally should be used as minor components of cool season mixtures. 
Exceptions to this occur in the Bull Mountains around Roundup and on sandy 
soils east of the Continental Divide. 

‘Appar’ Lewis flax and 'Kaneb’ purple prairieclover are forbs that can be 
added to native seed mixtures for diversity. They are planted as a minor 
component using 1/2-1 pound of pure live seed or less per acre. 

Introduced Species 

Introduced species are usually planted for a specific land use, e.g.-- 
pasture ox hayland. As a general rule, introduced species require higher 
levels of management, higher fertility and periodic reestablishment or 
rennovation to maintain the optimum health and production of stands than do 
native species. Most introduced species also do not have as long a productive 
life as native species. 

The crested wheatgrasses are the easiest species to establish. They 
provide quick cover at a low cost. Maximum growth occurs during the early 
spring, with some regrowth in the fall. During the summer, crested wheatgrass 
remains dormant and the mature foliage is unpalatable to most grazing animals. 
For this reason, crested wheatgrass is usually planted for use as early spring 
pasture or on areas where livestock grazing is not planned. 

Tall wheatgrass is usually used on saline soils. The tall rank growth 
provides excellent cover for upland game birds. It requires a high level of 
management for livestock grazing. 

Intermediate and pubescent wheatgrasses are slightly to strongly 
rhizomotous dependent on precipitation and soils. Their productive life is 
generally from 7-10 years. They have good seedling vigor and growth rate and 


are generally easy to establish. 
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Smooth brome and orchardgrass mixtures provide good pasture and hayland. 
These species are very compatible for a short time and then the bromegrass 
crowds out the orchardgrass and becomes sod-bound and unproductive. 
Replanting the site is necessary to restore productivity. 

Altai wildrye is a relatively new introduced species. It has value for 
early spring, fall and dormant winter grazing. The only cultivar available-- 
‘Prairieland’--has poor seedling vigor, is slow to establish stands and is a 
poor seed producer. The Bridger PMC is working on an improved Altai 
selection. 

Russian wildrye is very drought tolerant, but like most of the wildryes 
has poor seedling vigor and is slow to establish. Swift and Bozoisky-select 
have larger seed size and thus have better seedling vigor. Russian wildrye 
requires a wide row spacing for productivity. It should not be planted in 
wide rows where the potential for wind and water erosion is high. 

Alfalfa should always be a component of a range or pasture mixture to 
provide forage quality and nitrogen cycling. The root proliferating types 
(rhizomatous) tolerate grazing better than the nonrhizomatous types. 

Including one pound of pure live seed per acre in a pasture seeding mixture of 
grasses and alfalfa usually does not result in a stand with enough alfalfa to 
cause bloat problem for grazing livestock if the pasture is managed correctly. 
Alfalfa should not make up more than 25 percent of a total species mixture. 

If there is concern about the potential for livestock bloating to occur, cicer 
milkvetch, birdsfoot trefoil and sainfoin are nonbloat legumes that can be 
considered as an alfalfa substitute on appropriate sites. 

Certified Seed 

Certified seed should always be recommended and used. Certified seed 
insures high seed quality, provides for genetic and mechanical purity and 
varietal identity of purchased cultivars. 
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APPENDIX I 


Big Horn Ranch Field Evaluation Planting 
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The purpose of this planting is to evaluate and select promising grasses, 
legumes, and woody materials for use in the reclamation of mined land in the 
Powder River Basin. 

The site was selected and the cooperative agreement with the SUNOCO 
Energy Development Company was signed April 12, 1976. The site -- 10 acres in 
fhe MW Mot the SE “4, “section JO) T. 47 Ne,” Rs B82 W. == £6 “Located 
approximately 16 miles south of Buffalo, Wyoming, on old Highway 87 along the 
middle fork of Crazy Woman Creek. 

The elevation of the site is approximately 4,800 feet. It is located in 
an area that has averaged 13.95 inches of precipitation annually for 30 years. 

Soils in this area are of the Stoneham and Kim series. The Stoneham 
series is a fine-loamy, mixed, mesic, Ustollic Haplargid. The Kim series is a 
fine-loamy, mixed, calcareous, mesic, Ustic Torriorthent. 

Both of these soils are deep to moderately deep, fine-loamy soils 
representing approximately two million acres (25 percent) in the Powder River 
Basin. 

Performance on stand, ground cover, erosion control, and forage yields 
were taken at least once a year. Ocular estimates of seedling stands, growth 
rate, vigor, drought tolerance, and winter hardiness were taken. 

Part 
Methods and Materials 

Seventy-three accessions -- 58 grasses, 4 legumes, and 11 forbs and 
shrubs -- were planted April 14, 1976. The seed was planted with a belt 
seeder on 3-foot spacing, in 16-foot rows. Adequate amounts of seed were 


planted to insure good opportunity for stand establishment. Two accessions of 
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shrubs were planted from root stock material. No supplemental irrigation 
water was applied. 

Field notes were taken each year on stand, forage production and 
uniformity, seed production and uniformity, and vigor. 

Results 

Performances of the 73 accessions in the seedling year and 1983 are shown 
in table 1. After 8 years, 30 accessions had a stand of 30 percent or less. 
In 1976, only 14 accessions had a stand of 30 percent or less. 


The best accessions in this planting were: 


Parkway Agropyron cristatum crested wheatgrass 
Critana Agropyron dasystachyum thickspike wheatgrass 
Nordan Agropyron desertorum crested wheatgrass 
Whitmar Agropyron spicatum f. inerme beardless wheatgrass 
Oahe Agropyron intermedium intermediate wheatgrass 
Luna Agropyron intermedium trichophorum pubescent wheatgrass 


Mandan-759 Agropyron intermedium trichophorum pubescent wheatgrass 


P=27 Agropyron sibiricum Siberian wheatgrass 
Rosana Agropyron smithii western wheatgrass 
T7699 Agropyron spicatum bluebunch wheatgrass 
je S\N PES Agropyron spicatum bluebunch wheatgrass 
Primar Agropyron trachycaulum slender wheatgrass 
T5667 Andropogon gerardii big bluestem 
Prairieland Elymus angustus altai wildrye 

15 S)p ys: Elymus cinereus basin wildrye 

PI-47 8832 Elymus giganteus mammoth wildrye 
D225 Oryzopsis hymenoides Indian ricegrass 

May ak Psathyrostachys juncea Russian wildrye 
Sawki Psathyrostachys juncea Russian wildrye 
Vinall Psathyrostachys juncea Russian wildrye 
T5595 Stipa viridula green needlegrass 


Pare 11 


Methods and Materials 


On April 28, 1977, 28 accessions or varieties with potential for mined 


land reclamation were seeded in plots 7 feet wide by 325 feet long, replicated 
three times in a randomized, complete block design. Information obtained from 
these plots was: stand establishment, stand longevity, and forage production. 
This provided base information to compare with a similar planting made at 


the Cordero Mine near Gillette, Wyoming, in the spring of 1978. 
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Due to poor stand establishment, plots of 16 accessions were destroyed in 
the spring of 1979 (table 2). Three samples (2 feet X 6 feet) were harvested 


with a Rem plot harvester from each of the remaining plots every year. The 


samples were bagged, tagged, air-dried, and weights converted to 
pounds-per-acre. The plots were cut with a rotary mower to a 3-inch stubble 
height. 

Results 


Forage production in 1982 varied from 2,144 pounds-per-acre for 'Nordan' 
crested wheatgrass to 849 pounds-per-acre for 'Sodar' streambank wheatgrass 
(table 3). In 1983, forage production varied from 1,667 pounds-per-acre for 
B27] Siberian wheatgrass to 526 pounds-per-acre for 'Revenue' slender 
wheatgrass. Nordan had the highest 6-year mean yield (1,875 I1bs/acre) and 


'Vinall' Russian wildrye had the lowest (731 lbs/acre). 
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TABLE 2. Plant performance of cultivars planted at the Big Horn Ranch, Buffalo, 


Wyoming. Planted 4/28/77. 
1977 1978 1979 1980 
Accession Genus Species Stand Stand Stand Stand 
vA hs he h 
Parkway Agropyron cristatum 65 76 83 83 
Critana Agropyron dasystachyum 82 81 93 93 
Sodar Agropyron dasystachyum riparium 72 78 SD) 95 
Nordan Agropyron desertorum Di 74 80 80 
Oahe Agropyron intermedium 73 74 82 82 
Luna Agropyron intermedium trichophorum 75 68 82 82 
P27 Agropyron sibiricum 42 61 70 70 
Rosana Agropyron smithii 32 54 90 90 
Whitmar. Agropyron Spicatum f. inerme 76 76 82 82 
Revenue Agropyron trachycaulum oF 92 95 95 
Pierre Bouteloua curtipendula 38 33 58 58 
Vinall Psathyrostachys juncea re) 78 85 85 
T5667 Andropogon gerardii ie 2 _ 
Woodward Andropogon gerardii paucipilus 10 ) 1/ 
Lovington Bouteloua gracilis 43 12); 
P1421717 Buchloe dactyloides 10 5 1/ 
Goshen Calamovilfa longifolia 4 5 1/ 
T4549 Ceratoides lanata 4 5 1/ 
P147 8831 Elymus cinereus 35 18); 
P147 8832 Elymus giganteus 7 5 1/ 
Redondo Festuca arizonica 2 5 1/ 
Paloma Oryzopsis hymenoides 3Z 5 1/ 
P1I47 8833 Oryzopsis hymenoides 7 > 1/ 
P1I47 8834 Petalostemon candidum Di 7 1/ 
Bandera Penstemon strictus 7 5 1/ 
PI476298 Schizachyrium scoparium 18 5 1/ 
Lodorm Stipa viridula 10 ed 


1/ Due to poor stand establishment, plots of these accessions were destroyed in 
the spring of 1979. 
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The purpose of this planting is to evaluate and select promising grasses, 
legumes, and shrubs for use in the reclamation of land disturbed from strip 
mining coal from the Fort Union Formation. 

The site was selected and a cooperative agreement with Cordero Mining 
Company was signed. The site is in the NE % of the NW % of section 25, 
T. 46 Ne, Re. 71 We, and is located approximately 22 miles southeast of 
Gillette, Wyoming. 

Part I 
Methods and Materials 

On April 11, 1978, 18 accessions or varieties with potential for mined 
land reclamation were seeded in a three-replication study at the Cordero Mine. 
Each plot is 7 feet wide and 150 feet long. Stand establishment and forage 
production information was obtained from these plots. The data acquired was 
compared with the data obtained from the Big Horn Ranch Field Evaluation 
Planting near Buffalo, Wyoming. 

Each year, 1979-1982, three samples (2 feet by 6 feet) from each plot 
were harvested with a Rem plot harvester. The harvests were made on July 31, 
1979; July 28, 1980; August 10, 1981 and 1982. The samples were bagged, 
tagged, air-dried, and weights converted to pounds-per-acre. After the 
samples were taken, the plots were cut to a 3-inch stubble height with a 
rotary mower. Percent stand was estimated for each plot. 

Results 

Forage production in 1982 varied from 1,292 pounds-per-acre for PI-232127 

bluebunch wheatgrass to 237 pounds-per-acre for 'Nezpar' Indian ricegrass. 


The yield of 'Paloma' Indian ricegrass was significantly higher than the 


a0) By. 


yields of Nezpar and PI-47 8833 Indian ricegrass. PI-478834 white 
prairieclover and 'Kaneb' purple prairieclover were not harvested because of 
inadequate growth (table 1). 

The 4-year mean yield of PI-232127 bluebunch wheatgrass was significantly 
higher than that of 'Secar' bluebunch wheatgrass. Paloma Indian ricegrass had 
a significantly higher 4-year mean yield than either Nezpar or PI-47 8833 
Indian ricegrass. During the 4 years, there was inadequate growth of 
PI-478834 white prairieclover and Kaneb purple prairieclover to harvest. 

Stand percentages for each accession from 1978 to 1982 are presented in 
table 2. 

Part Et 
Methods and Materials 

Twenty-seven accessions were planted with a belt seeder in 14-foot rows, 
spaced 4 feet apart, on April 11, 1978. Seven additional accessions were 
planted on March 7, 1979. Adequate amounts of seed were planted to insure 
good opportunity for stand establishment (table 3). 

Notes on stand, forage production and uniformity, seed production and 
uniformity were recorded each year. The plots were hand weeded and mowed. 

Results 

Table 3 lists the initial year's stand and vigor, and the final year's 

evaluation. All accessions established stands in the seedling year. Six 


accessions had no remaining stand by August 1982. They were: 


T4549 Ceratoides lanata, 
Redondo Festuca arizonica, 
PI-230256 Koeleria cristata, 
Holt Sorghastrum nutans, 
Osage Sorghastrum nutans, 
ESOL Sorghastrum nutans. 
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APPENDIX IIT 


Arid Rangeland and Mineland Revegetation Project 


Arid Rangeland and Mineland 


In arid regions (10 inches or less precipitation), reclamation of 
drastically disturbed mining sites and revegetation of deteriorated rangelands 
are serious problems. The lack of adequate vegetative cover on these areas is 
resulting in excessive loss of soil by wind and water erosion. On these 
denuded rangelands and barren mining areas, secondary succession is slow and 
inadequate to provide soil protection and stabilization to withstand continued 
pressure by domestic livestock, wildlife, and natural climatic phenomena. 
There has been limited success in revegetating these arid sites, in part 
because of limited availability of indigenous, drought-resistant species. 

In 1980, a plant materials project was initiated with the following 
objectives: 

l. Increase the number and diversity of species available for 

revegetating arid range and mined sites in Montana and Wyoming. 

2. Evaluate techniques for successful establishment of these plant 

materials, i.e., time of seeding, seed harvest and processing, etc. 

Two field evaluation sites were chosen: one at the Bridger Coal Mine 
near Point of Rocks, 60 kilometers east of Rock Springs, Wyoming (Red Desert); 
and one at the Dresser Minerals Bentonite Mine, 19 km northeast of Greybull, 
Wyoming (Big Horn Basin). 

Bridger Coal Company Site. The test plots are at an elevation of 
approximately 2,083 meters. The average annual precipitation is 15-25 cm, 
with a peak in the spring (March-May), and a secondary peak in the fall 
(September-October). Winds are strong and frequent, resulting in high 
evapotranspiration rates. The growing season varies from 80 to 100 days. The 
soils of the Red Desert are characterized by interbedded clay, shale, 
sandstone, limestone, and siltstone. The soils belong to the Torriorthents- 


Haplargids-Natrargids association. The soils at this site were an _ Entisol 


Bo Kope 


series before being stockpiled by horizon. After handling and mixing, the 
soil remains a loam or sandy-loam. The actual test site was stripmined and 
backfilled with subsoil. A minimum of 30 cm of topsoil was placed on the 
area. Prior to planting, the area was ripped in two directions to a depth of 
45 cm, and disked and harrowed. 

Dresser Minerals Site. These test plots are at an elevation of 
approximately 1,400 meters. The average annual precipitation is 12-24 cn, 
with a peak in late May and early June, and a secondary peak in September. 
The growing season is from 90 to 110 days. 

Big Horn Basin soils are characterized by their sd Ae VarnLabi lity. 
They are some of the most complex in the entire state. The soil at the 
Dresser Minerals FEP site is a Labou series classified as a Lithic Natrargid, 
clayey-skeletal, montmorillonitic, mesic. The Labou series is a well drained 
soil formed in residuum on anticlinal backslopes and uplands. Typically, the 
surface layer is a pale brown, channery clay loam about 8 cm thick. The 
subsurface is a very pale brown, channery clay about 23 cm thick and is 
underlain by channery shale. The stockpiled soil material replaced, following 
mining, lost most soil horizon identity and soil structure, but the texture 
remains a channery shale. 

Soil analyses were made of the topsoil material used at both sites: 


Dresser Bridger 


Minerals _ Coal 


pH 7.60 Teno 
Cond. (mmhos/cm) Ben7 1.08 
Saturation 4% 63.60 ATES) 
Sand 4 46.00 49.80 
Silt Z 2200) 34.40 
Clay 4% 32.00 15.80 
Calcium (meq.1) 26 ea0 2.98 
Magnesium (meq.1) 6.85 eo 
Sodium (meq.1) HA 30) 18) 
Se Ae Rs 19.00 D300 
Selenium (ppm) <0) 02 
Boron (ppm) Peo 1.80 


Sie. 


Methods and Materials 
Plant collection trips throughout the Red Desert and Big Horn Basin, 
collections by SCS field personnel, and collections on file at the Bridger PMC 
provided the material for testing at these two mine sites. Each accession was 
planted in individual, 5-meter rows, spaced 1 meter apart. Spring and fall 
plantings were made during 2 consecutive years to determine optimum conditions 


and time for planting. The following plantings have been established: 


Bridger Coa] 
Spring 1980 (Dryland) April 22, 1980 243 accessions 
Fall 1980 (Dryland) October 7, 1980 280 accessions 
Spring 1981 (Dryland) April’ 29, 1981 234 accessions 
Fall 1981 (Dryland) October 13, 1981 281 accessions 
Dresser Minerals 
Spring 1981 April 22, 096n 282 accessions 
Fall 1981 October 15,;° 1981 285 accessions 
Spring 1982 April’ 28% T982 324 accessions 
Ponsa Soe October 20, 1982 318 accessions 


Results 

Because of dry, windy conditions, unpredictable precipitation, and poor 
quality soil material, it was highly improbable that any one seeding would be 
subjected to the optimum conditions for germination and establishment. Of the 
five plantings at each of the evaluation sites, only one at each site could be 
considered a success. Other plantings had little or no establishment. The 
timing and amount of spring moisture was the most important factor affecting 
germination and establishment (table 1). The successful plantings were the 
Spring 1980 planting at Bridger Coal (84 percent accessions emerging) and the 
Spring 1982 planting at Dresser Minerals (89 percent accessions emerging). 
They produced the best initial stands, and have maintained the best stands 
over the duration of the study. At Bridger Coal, 58 percent of the accessions 
are surviving after 5 years; while at Dresser Minerals, 47 percent remain 


after 4 years. 
ii 


TABLE 1. Monthly precipitation for Bridger Coal Company and Dresser Minerals 
field evaluation plots. 


a ee re es ee ee ee ee ee ee ee ree ee ee ee ee ee ee ee ee ee 


Bridger Coal Dresser Minerals 


1980 1981 1982 1985 1981 1982 1983 1985 
cm cm cm cm cm cm cm cm 
January SIRS Is as -09* nfs) wo 025% ET fies -00* s3i0 
February 3s -46* 55) 08 ans 30% .00* Pe oye 
March 1.50* ail eral 203 Af Nie 1.78% BA Oins 230 
April 1.04% Frys) AM) 0 Wes Aees 1.02 64 “Biel 
May (6.91*) lien ee 3.56 w16 (7 .39*) DD ylhi Sye His! 1.98 
June 5s <oo a4 1.09% 5.08 1.78 
July 1.04% S02 S575) 1.09* Jes) 02 
August le 22 1.80* 515 2.24% Neil 58 
September 18% 1.45% 4.85 MG /sS\us 6.60 ioe 
October 4.42% 2.06 41 eG IG eye 
November 46% - 39) -00 .03* =16 6 
December ley ee kes 264 8 * * 
Total PMs 13n45 HGriow 19.96 26650 11.74 


ee ee em me em ne ee ee re ee ee ee mr me ee es re ee ee eee ee ee ee ee ee ee we ee 


* Precipitation data from the nearest National Climatic Data Station was 
substituted for data not available from on-site recorders. Those national 
recording stations were at Greybull and the Rock Springs airport. 

() Unseasonably high precipitation that resulted in excellent germination and 
survival. 


Boe 


The 6.91 cm of precipitation during May 1980 at the Bridger Coal site was 
sufficient for germination and emergence of the cool-season plants. However, 
the very dry June (.15 cm ppt.) that followed created extensive crusting of 
the soil surface, limiting emergence of the later developing, warm-season 
plants. Upon close inspection, it was found that germination had occurred, 
but plants were unable to emerge. At the Dresser Minerals site, the 7.39 cm 
of precipitation during May 1981 resulted in germination of both cool-season 
and warm-season plants, but the warm-season ones were unable to survive the 
dry June and July that followed. 

The climatic conditions of the Red Desert and the Big Horn Basin are not 
conducive to the establishment of warm-season plants. The higher soil 
temperatures necessary for germination of warm-season plants does not coincide 
with the spring precipitation pattern. Only with supplemental irrigation or 
some moisture-retention technique will warm-season plants consistently be 
established on these cold, desert sites. 

Performance of released cultivars evaluated in these plantings is 
presented in tables 2-9. Stand percentages in 1985 of the released cultivars 
for all plantings are presented in table 10. 

Those accessions that emerged under favorable conditions have since gone 
through at least 3 unfavorably dry years. The success of these two good 
plantings and the relative failure of all other plantings tends to support the 
use of limited irrigation when spring moisture is inadequate for proper 
germination, emergence, and establishment. Drought-tolerant plants that 
emerge under good soil moisture conditions continue to do well during the dry 
years. However, those plants that managed to emerge under poor soil moisture 
conditions never established well, and the stands are deteriorating rapidly. 

Those plants that did manage to emerge during the dry springs were those 
that were in microenvironmments that received additional moisture, had reduced 


ae 


water loss, or were protected from wind desiccation, e.g-, in the bottom of 
furrows or depressions, beside rocks, or under the canopy of large weeds. 
Rabbit damage has been significant at both sites. At Dresser Minerals, 
the most severely damaged rows were accessions of intermediate wheatgrass, 
pubescent wheatgrass, Indian ricegrass, and green needlegrass. 
The best overall performing released cultivars at the two planting sites 
were: 
'Sodar' streambank wheatgrass, 
'Critana' thickspike wheatgrass, 
"P-27' Siberian wheatgrass, 
"Parkway,' 'Nordan,' 'Ephraim' crested wheatgrass, 
'Rosana' western wheatgrass, 
"Magnar' basin wildrye, 


'Vinall' Russian wildrye, 
'Wytana' fourwing saltbush. 
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APPENDIX IV 


Field Plantings--Species/Cultivar Evaluation and Performance Data 
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Appendix V 


Synoposis of the Plant Materials Program 


Landowners and operators need many kinds of plants--grasses, legumes, 
shrubs and trees--to successfully solve a wide range of conservation problems. 
The Soil Conservation Service (SCS) operates a coordinated network of 22 plant 
materials centers in the United States to assemble, evaluate, select, 
cooperatively release and provide for the commercial production of native and 
introduced plants needed for conservation and improvement of soil, water and 
related resources. 

The Bridger Plant Materials center (PMC), Bridger, Montana, was started 
in 1959 to give the Soil and Water Conservation Districts in Montana and 
Wyoming a place to grow and evaluate plant materials needed to carry out a 
better soil and water conservation program in the two states. The Montana 
Association of Conservation Districts and the Wyoming Association of 
Conservation Districts own the 140 irrigated acres. The SCS leases the land 
from the Districts to carry out the plant materials program. With cooperating 
state and federal institutions and agencies, the Bridger PMC currently carries 


out such a program. 


Plant Selection Process 
The plant selection process (diagrammed at the end of this Appendix) 
begins with the identification of conservation problems and plants with 
potential for solving these problems. SCS personnel at state and county 


offices, working with conservation districts and other cooperators, identify 


-273- 


the conservation problems and establish priorities. In Montana and Wyoming 
the top priorities are for improved plants and establishment techniques for 
mine reclamation, rangeland improvement, saline seep reclamation, windbreaks 
and shelterbelts, stabilization of streambanks, reservoir shorelines and 
irrigation canal banks; special use pastures; erosion control on areas 
disturbed by timber harvesting and road construction activities. 

Bridger PMC assembles seed or plants from local native collections, 
foreign species from plant introduction stations, and from private seed or 
plant companies and researchers. These plant materials are grown in rows or 
blocks and performance data are collected for 4 to 6 years. Commercial 
varieties are included, when available, as standards of comparison. Data are 
collected on vigor; production and quality of forage; seed production; pest 
resistance; adaptation to soil and climate; and other plant characteristics. 
Based on the analysis of these data, selection of superior plants (accessions) 
are made. 

These superior accessions are increased at the PMC (initial seed and 
plant increase) and evaluated at sites away from the PMC to determine 
adaptation and performance under local conditions. These field evaluation 
plantings (FEPs) are often made in cooperation with State Experiment Stations 
or on land under the control of other state and federal agencies. Available 
commercial varieties are included as a standard of comparison. Quantitative 
and qualitative data are recorded for 1 to 5 years and selection of the better 
performing accessions are made. 

Seed or plants of selected accessions are increased at the PMC (field- 
scale seed and plant increase) for final evaluation. These seed increase 


plantings provide valuable data on the ease or difficulty of growing, 


7 


harvesting and processing seed and plants of each of the accessions. This 
information is important to seed growers and nurserymen when one of the plants 
enters the commercial trade. 

The final step in the development of a new conservation plant is field 
plantings on sites where problems exist. This may be on the farms or ranches 
of conservation district cooperators or on land of other cooperators such as 
state departments of natural resources or fish and game, highway rights-of- 
way, mining companies, private forestry holdings and others. The field 
planting is the final check on the adaptation and performance of a potential 
conservation plant under actual-use conditions. It allows for a direct 
comparison of selected accessions with plants currently available on the 
commercial market for a specific site, soil, and conservation problem. 
Periodically evaluation data is collected to determine adaptation and 
performance on the problem site in the field. 

The assembled plant evaluation data is reviewed by the SCS, agricultural 
experiment stations and other cooperating agencies to be sure that the 
performance of the selected accession warrants release for commercial seed 
production. The plant is given a varietal name and a release notice for a new 
variety. The originating agency assumes responsibility for the maintenance of 
breeder seed or plants. Foundation seed or plants are distributed to 
commercial seed or plant growers through crop improvement associations or 
foundation seed projects associated with State experiment stations. SCS 
shares and exchanges seed or plants with the State experiment station and may 
also distribute them through conservation districts to qualified local growers 
for the production of certified seed or plants. SCS and/or the State 


Experiment Station carry out demonstration plantings and distribute 
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information to encourage purchase and use of new variety. SCS continually 
amends its standards and specifications to include new varieties, thereby 


encouraging their use for helping solve local conservation problems. 


FLOW CHART OF PLANT SELECTION PROCESS 
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